, and frontal bossing. The facial type was determined by using the facial index that was 1 0 1 calculated as the ratio between the maximum width to the maximum length of the face on the frontal 1 0 2 photograph: dolichocephalic (long and narrow face), <0.72; normocephalic, 0.72 to 0.82; 1 0 3 brachycephalic (short and wide face), >0.82 (20) . Facial symmetry was determined by comparing the 1 0 4 right and left sides of the face as determined by a reference midline passing through the glabella 1 0 5 (midpoint between the eyebrow) and the subnasale points (the junction between the nasal septum and 1 0 6 the upper lip). Facial proportions were calculated as follows: total face height, distance between glabella 1 0 7 and soft tissue pogonion (the most anteroinferior point of the chin); upper face height, distance between 1 0 8 glabella and subnasale; lower face height, distance between subnasale and the soft tissue pogonion. A 1 0 9 lower face height less than 47% of total face height was classified as reduced; a lower face height more 1 1 0 than 63% of total face height was classified as increased (21) . Profile assessment was performed by 1 1 1 measuring the angle between glabella, subnasale, and soft tissue pogonion in a full profile picture. An 1 1 2 angle between 158 and 180 degrees was considered normal, regardless of sex (22) . An angle <158 1 1 3 degrees indicates a convex profile while an angle >180 degree represents a flat to concave profile. Imaging software package (version 11.8) . Results were compared to normative cephalometric data as 1 1 6 published (23). CBCT scans were acquired with a 3D Accuitomo 170 (Morita Inc, Kyoto, Japan) CBCT 1 1 7 machine in a 170 mm x 120 mm field-of-view and a 250 µm voxel size. The exposure settings for 1 1 8
CBCT included a tube voltage of 90 kV and a tube current of 4.5 mA for 17.5 seconds. Image analysis 1 1 9 was performed using Anatomage InVivo 5 version 5.4 (Invivo Dental; Anatomage, San Jose, CA)
In order to evaluate the projection of the lip and the convexity of the lower face, two measurements were 1 2 2 used. The H angle measures the prominence of the lips in relation to the facial line (Nasion soft-1 2 3 pogonion soft: Normal mean value: 6 degrees, standard deviation 3 degrees) (24). The Z angle is used to 1 2 4 measure facial balance and measures the prominence of the lips or the relative retrusiveness of the chin. The Z angle is formed by the intersection of the lines Na (soft tissue)-Pogonion (soft tissue) and Pogonion(soft tissue) -most prominent lip point. The normal mean for the Z angle is 10 degrees with a 1 2 7 standard deviation of 4 degrees (25).
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Taking into account frequent reports of hypodontia in patients with OI, to evaluate the caries prevalence 1 2 9 in this population a modification of the DFT index was utilized. Wherein, caries scores were adjusted for 1 3 0 the missing teeth, by dividing the total sum of decayed and missing teeth by the total number of teeth 1 3 1 present in an individual. Therefore, this adjusted DFT is a continuous variable ranging from 0 to 1, with 1 3 2 0 being the minimum caries experience and 1 being the highest (26). Fourteen study participants with OI type V underwent dental evaluation (Table 1) . Panoramic radiographs were obtained in 9 study participants. None of the individuals had clinical or radiological 1 3 7 signs of DI. Tooth discoloration, pulp obliteration, bulbous crowns, short roots or taurodontism were not 1 3 8 observed in this cohort. Six of the nine study participants (55%) for whom panoramic radiographs were 1 3 9
obtained had at least one missing tooth. The number of missing teeth ranged from 1 to 9. Three of these 1 4 0 9 individuals had retained deciduous teeth past the normal range of exfoliation; eight study participants 1 4 1 had impacted teeth. Ten study participants had an adjusted DFT score of 0, in four subjects the adjusted All study participants had normal ear position and no frontal bossing (Table 3 ). The facial profile was 1 4 5 retrusive in 8 of the 14 study participants (57%). Assessment of facial proportions showed decreased 1 4 6 lower face height in 8 individuals (57%).
4 7
Cephalometry was performed in three study participants ( Figure 3 ). Individual 9, a 14-year old girl, CBCT scans were obtained from two study participants. An impacted upper second molar and the 1 5 3 absence of the lower third molars were detected in Individual 11 (not shown). In Individual 10, the intervertebral disc calcification at the C2-C3 level was also identified ( Figure 4 ). In this largest dental and craniofacial study population reported to date, we found that DI was absent but 1 5 9 that missing teeth, especially premolars was a common occurrence. Malocclusion associated with either 1 6 0 a retrusive maxilla or biretrusive jaws was also frequently observed. The facial type was either normal or 1 6 1 brachycephalic and more than half of the individuals with OI type V presented with a retrusive 1 6 2 (concave) profile and decreased lower face height due to underdeveloped maxillary and mandibular 1 6 3 dentoalveolar processes. The absence of DI in OI type V has been reported in the first description of the disorder (10) and has 1 6 5 also been noted in subsequent case series (16, 17, 27) . This could be explained by the lack of a collagen 1 6 6 type I defect in OI type V, as collagen type I is the major protein of intertubular dentin (90%) (28). Previous reports have noted that missing teeth are a common finding in OI caused by COL1A1/COL1A2, 1 6 8 affecting the permanent dentition in 10% to 22% of individuals (4, 29) . Premolars appear to be most 1 6 9 commonly affected (4). The present study suggests that premolars are also most frequently missing in OI 1 7 0 type V. Tooth development is a complex process involving signaling pathways that are also important 1 7 1 for skeletal development such as WNT signaling (30). It is therefore intuitive that genetic defects 1 7 2 9 leading to major abnormalities in bone cell function also affect tooth development, but the precise 1 7 3 pathways whereby variants in IFITM5 lead to tooth agenesis are unknown at present. Previous studies have shown a high prevalence of class III malocclusion in the more severe OI types 1 7 5 related to collagen type I mutations (OI types III and IV) (29, 31, 32) . These malocclusions are caused 1 7 6 by a severely hypoplastic maxilla and the counter rotation of the mandible resulting in severe negative 1 7 7 overjet. Cephalometric studies suggest that the relative mandibular prognathism in these OI types in part 1 7 8 reflects the decreased anterior length of the maxilla associated to a counterclockwise rotation of the 1 7 9 mandible during growth (33). Our findings indicate that skeletal Class III malocclusion is less frequent 1 8 0 in OI type V and that Class II malocclusion either of skeletal or dento alveolar origin is more frequent in Regarding facial characteristics, reduced lower face height and concave profile were more common in 1 8 9 our study cohort, suggesting that the dentoalveolar processes do not develop normally but do not result 1 9 0 in the severely prognathic profile that is often observed in individuals with OI type II and IV. Deficient 1 9 1 dentoalveolar development may be due to missing teeth altering the growth or may be a direct effect of 1 9 2 the IFITM5 variant. In one of the two study participants who underwent CBCT scanning, we observed calcification of the 1 9 4 intervertebral disk at the C2-C3 level. Calcification of intervertebral discs is a rare condition in children, 1 9 5 which may present with neck pain, limited neck movement or may be discovered incidentally as in the 1 9 6 present case. The cause of intervertebral disk calcification is unknown, but trauma and infection have 1 9 7 been suggested as likely causes (34). Intervertebral disk calcification can lead to disc herniation, follow-up of this individual will be important. In conclusion, our study observed that OI type V is associated with missing teeth but not with DI. Facial 2 0 1 analyses and cephalometric data show that OI type V is characterized by dentoalveolar alterations due to 2 0 2 multiple missing teeth but not an exaggerated overjet, as is frequently observed in other types of OI. The OI type V thus is associated with a unique pattern of craniofacial abnormalities that differ considerably 2 0 7 from the malocclusion of other forms of moderate to severe OI. We are grateful to Jane Atkinson (National Institutes of Health) for helpful suggestions. This study was Mutations in COL1A1 and COL1A2 and dental aberrations in children and adolescents with 2 3 7 osteogenesis imperfecta -A retrospective cohort study. PLoS One 2017;12:e0176466. Astrom E. Tooth agenesis in osteogenesis imperfecta related to mutations in the collagen type I genes.
4 0
Oral Dis 2017;23:42-9. (asterisks). Third molars are also congenitally missing (asterisks). retrognathic. The ANB angle (-6.7 degrees, corresponding to 4.9 standard deviations [SD] below the 3 2 5 reference mean value) and the Wits measurements (the length in mm of the yellow lines on the occlusal image. An unusual prognathic maxilla, impacted second molars (*) and lower right first molar is semi- Table 1 . General clinical information and dental evaluation. I  I  I  I  moderate  2  75  n  n  n  n  moderate  13  I  III  I  II  severe  0  Openbite  y  y  y  y  n  14  III  III  III  II  mild  2  25  n  y  n  y  mild 
